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layer hav

from one end side to another end side

thickness direction and a uniform composition in the thick-
ness direction to convert energy of radiation into charges.
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PHOTODETECTION ELEMENT AND
PHOTODETECTOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s based upon and claims the

benefit of priority from Japanese Patent Application No.
2017-052228, filed on Mar. 17, 2017; the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
photodetection element and a photodetector.

BACKGROUND

[0003] Photodetectors have been known that detect
charges converted by photoelectric conversion layers. As an
example of such photodetectors, a photodetector has been
known that includes a photoelectric conversion layer that 1s
disposed between a pair of electrode layers and detects, via
the electrodes, charges converted by the photoelectric con-
version layer.

[0004] Radiation incident on the photoelectric conversion
layer scatters backward sometimes. The backscattering
causes deterioration of radiation detection accuracy some-
times. For reducing the deterioration, a structure 1s disclosed
in which an absorption scintillator made of an organic
material and a backscattering scintillator made of an 1nor-
ganic material having a high backscattering rate are layered.
In the conventional technique, however, a read circuit for
cach layer of scintillator needs to be provided. It i1s, thus,
difficult for the conventional technique to easily increase the
radiation detection accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 1s a schematic diagram of a photodetector;

[0006] FIG. 2 1s a schematic diagram of a photodetection
element;

[0007] FIG. 3 1s a schematic diagram of another photode-
tection element;

[0008] FIG. 4 1s a schematic diagram of another photode-
tection element;

[0009] FIG. 5 1s a schematic diagram of another photode-
tection element;

[0010] FIG. 6 1s a schematic diagram of another photode-
tection element;

[0011] FIGS. 7A and 7B are explanatory views of a
detection result;

[0012] FIG. 8 1s a schematic diagram 1llustrating a relation
between incident energy and detected energy;

[0013] FIG. 9 1s a schematic diagram of another photode-
tection element;

[0014] FIG. 10 1s a schematic diagram of another photo-
detection element;

[0015] FIG. 11 1s a schematic diagram of another photo-
detection element;

[0016] FIG. 12 1s a flowchart illustrating a procedure of
information processing; and

[0017] FIG. 13 1s a block diagram of an exemplary hard-
ware structure.
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DETAILED DESCRIPTION

[0018] According to an embodiment, a photodetection
clement includes a photoelectric conversion layer having a
density increasing from one end side to another end side 1n
a thickness direction and a uniform composition in the
thickness direction to convert energy of radiation into
charges.

[0019] The following describes an embodiment 1n detail
with reference to the accompanying drawings.

[0020] FIG. 1 1s a schematic diagram illustrating an
example of a photodetector 1000.

[0021] The photodetector 1000 includes a photodetection
clement 10, a signal processor 12, a storage 14, a commu-
nication unit 16, and a display 18. The signal processor 12,
and the photodetection element 10, the storage 14, the
communication unit 16 and the display 18 are connected
with one another such that they can exchange data and
signals.

[0022] The photodetection element 10 outputs an output
signal according to radiation L incident thereon. The signal
processor 12 1dentifies detected energy of the radiation L
incident on the photodetection element 10 using the output
signal acquired from the photodetection element 10.
[0023] The storage 14 stores therein various types of data.
The communication unit 16 communicates with an external
device via a network, for example. In the embodiment, the
communication unit 16 transmits information indicating a
result 1dentified by the signal processor 12 to the external
device. The display 18 displays various images. In the
embodiment, the display 18 displays the information indi-
cating the result identified by the signal processor 12.
[0024] The photodetector 1000 may include any one of the
display 18 and the communication unit 16. The respective
units included 1n the photodetector 1000 may be housed in
a single housing or divided so as to be arranged 1n a plurality
ol housings.

[0025] Photodetection Element 10

[0026] The following describes the photodetection ele-
ment 10.

[0027] FIG. 2 1s a schematic diagram 1illustrating a pho-

todetection element 10A. The photodetection element 10A 1s
an example of the photodetection element 10.

[0028] Photodetection Element 10A

[0029] The photodetection element 10A includes a pho-
toelectric conversion layer 20, an electrode 22A, and an
clectrode 22B. In the embodiment, the photoelectric con-

version layer 20 1s disposed between the electrodes 22A and
22B.

[0030] The following describes an electrode 22. The elec-
trode 22 collectively represents the electrodes 22A and 22B.
At least one of the electrodes 22A and 22B 1s disposed in
contact with the photoelectric conversion layer 20.

[0031] The electrode 22 1s made of a material having
conductivity. The electrode 22 1s made of a material such as
indium tin oxide (ITO), graphene, zinc oxide (ZnO), alumi-
num, or gold. The thickness of the electrode 22 1s not limited
to any specific thickness. The thickness of the electrode 22
1s 35 nm, for example.

[0032] The following describes the photoelectric conver-
sion layer 20.
[0033] The photoelectric conversion layer 20 converts

energy of the radiation L into charges.
[0034] In the embodiment, the photoelectric conversion
layer 20 has a density increasing ifrom one end side to the



US 2018/0269415 Al

other end side 1n a thickness direction (the arrow Z direction,
heremnafter, described as the thickness direction Z) and
converts energy of radiation into charges. The photoelectric
conversion layer 20 has a density increasing from the one
end side ZA to the other end side ZB 1in the thickness
direction 7, and has a uniform composition 1n the thickness
direction Z.

[0035] The thickness direction Z 1s the thickness direction
of the photoelectric conversion layer 20 formed 1n layers. In
the embodiment, the thickness direction Z coincides with the
incident direction of the radiation L to the photodetection
element 10A. In the embodiment, the one end side ZA 1n the
thickness direction Z of the photoelectric conversion layer
20 1s an up side 1n the 1incident direction of the radiation L.
[0036] The density of the photoelectric conversion layer
20 represents a weight per unit volume of the photoelectric
conversion layer 20.

[0037] In the embodiment, the photoelectric conversion
layer 20 has a density increasing in a step-by-step manner or
continuously from the one end side ZA to the other end side
/B 1n the thickness direction Z.

[0038] The one end side ZA, at which the density 1s the
lowest, 1 the thickness direction 7 of the photoelectric
conversion layer 20 1s the up side 1n the incident direction of
the radiation L. The other end side ZB, at which the density
1s the highest, 1n the thickness direction Z of the photoelec-
tric conversion layer 20 1s a down side in the incident
direction of the radiation L. The photoelectric conversion
layer 20, thus, has a density increasing in a step-by-step
manner or continuously from the up side to the down side in
the incident direction of the radiation L (refer to the arrow
/1 direction).

[0039] The photoelectric conversion layer 20 has a uni-
form composition 1n the thickness direction Z. In other
words, the photoelectric conversion layer 20 has the same
composition in the thickness direction Z.

[0040] The fact that the composition 1s uniform means that
contained components are the same. The fact that the
contained components are the same (uniform) specifically
means that the components excluding the components con-
tained 1n total at a rate equal to or smaller than 30 weight
percent are the same. In other words, the fact that the
contained components are the same (uniform) means that the
components contained in total at a rate equal to or smaller
than 70 weight percent are the same.

[0041] The photoelectric conversion layer 20 has a uni-
form composition 1n the thickness direction Z and may have
a different composition ratio 1n the thickness direction Z.
The photoelectric conversion layer 20 has the same con-
tained components 1n the thickness direction 7Z and may
have a different ratio (weight ratio) among the contained
components 1n the thickness direction Z.

[0042] The material used for the photoelectric conversion
layer 20 1s not limited to any specific constituent material.
Any maternal satistying the conditions described above may
be used. For example, the photoelectric conversion layer 20
includes, as a principal component, an 1norganic material
such as amorphous silicon or an organic material. The
principal component means that the content rate of the
component 1s equal to or larger than 70%.

[0043] The photoelectric conversion layer 20 may have
wavelength selectivity. The photoelectric conversion layer
20 having the wavelength selectivity allows light having a
wavelength outside a wavelength region serving as a pho-
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toelectric conversion target to pass through the photoelectric
conversion layer 20. The photoelectric conversion layer 20
may have a diflerent wavelength selectivity 1n the thickness
direction 7. In this case, the photoelectric conversion layer
20 may contain quinacridone or subphthalocyanine, for
example.

[0044] The principal component of the photoelectric con-
version layer 20 1s preferably an organic material from
points of views such as cost reduction of raw material,
flexibility, ease of forming, high absorption coeflicient,
weilght reduction, and shock resistance.

[0045] The use of the photoelectric conversion layer 20
containing an organic material as the principal component
makes 1t possible to further increase a resistivity of the
photoelectric conversion layer 20 compared to the photo-
electric conversion layer 20 containing no organic material
as the principal component. As the resistivity of the photo-
clectric conversion layer 20 is increased, the charges pro-
duced in the photoelectric conversion layer 20 can be
prevented from spreading to regions corresponding to other
pixel regions 1n the photoelectric conversion layer 20. In
other words, the respective pixel regions can be prevented
from being mixed with charges from the other pixel regions.
[0046] The region corresponding to the pixel region in the
photoelectric conversion layer 20 1s preliminanly deter-
mined by adjusting the arrangement of the electrode 22 (the
clectrodes 22A and 22B), for example.

[0047] In the embodiment, the photoelectric conversion
layer 20 contains a photoelectric conversion material 20A
and an additive material 20B.

[0048] The photoelectric conversion material 20A has a
photoelectric conversion function that converts energy of the
radiation L into charges.

[0049] The photoelectric conversion material 20A 1s an
organic material, for example. Specifically, the photoelectric
conversion material 20A 1s selected at least from one of a
polyphenylene vinylene (PPV) derivative and a polythio-
phene polymer matenal.

[0050] The polyphenylene vinylene derivative 1s poly|[2-
methoxy-5-(2'-ethylhexyloxy)-p-phenylene vinylene]
(MEH-PPV), for example. The polythiophene polymer
maternial 1s poly(3-alkylthiophene) such as poly(3-hexylth-
iophene) (P3HT) or poly[(9,9-dialkyltluorene-2,7-dyil)-co-
(bithiophene)|(F8T2), for example.

[0051] Particularly preferably, P3AHT or F812 1s used for
the photoelectric conversion material 20A.

[0052] The photoelectric conversion material 20A may be
a mixture of an organic material and an 1norganic materal.
In this case, the photoelectric conversion material 20A may
be a mixture of the organic material described above and
fullerene, fullerene derivatives, carbon nanotubes (CNTs)
having semiconductivity, or CNT compounds, for example.
[0053] Examples of fullerene derivatives include [6,6]-
phenyl-C61-butyric acid methyl ester (PCBM), fullerene
dimmers, and alkali metal or alkali earth metal doped
fullerene compounds. The CN'T 1s carbon nanotube 1nclud-
ing fullerene or metal doped fullerene, for example. The
CNT 1s a CNT compound including various molecules
added to side walls or the tip of CNT, for example.

[0054] In this case, a mixture of PCBM and P3HT with a
weilght ratio ranging from 10:1 to 1:10, a mixture of PCBM
and F8T2 with a weight ratio ranging from 10:1 to 1:10, or
PTB7 may be used for the photoelectric conversion material

20A.
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[0055] The additive material 20B has a function that
supplies energy of the radiation L to the photoelectric
conversion material 20A. In the embodiment, the additive
material 20B 1s added to the photoelectric conversion mate-
rial 20A. The weight per unit volume (density) of the
additive matenial 20B 1s preferably larger than that of the
photoelectric conversion material 20A.

[0056] The shape of the additive material 20B 1s not
limited to any specific shape. For example, when the addi-
tive material 20B 1s a solid, the additive material 20B 1s
preferably formed 1n particles. The shape of the particles of
the additive material 20B 1s not limited to any specific shape.
[0057] When the additive maternial 20B 1s formed 1n par-
ticles, an average particle diameter of the additive material
20B 1s preferably equal to or larger than 1 nm and equal to
or smaller than 100 nm, particularly preferably, equal to or
larger than 1 nm and equal to or smaller than 20 nm. The
additive matenal 20B 1s preferably formed in particles in a
nano size (nano particles).

[0058] The average particle diameter of the additive mate-
rial 20B can be measured by a laser particle size distribution
meter, for example.

[0059] The constituent material of the additive materal
20B 1s not Iimited to any specific constituent material. Any
material satistying conditions described above can be used.
Examples of the constituent material of the additive material
20B 1include inorganic materials such as ZnO, ZnS, ZnSe,
PbS, and B1,0,, and scintillation materials such as gado-
lintum oxy sulfide (GOS), gadolintum aluminum gallium
garnet (GAGG), lutetium vitrium oxyorthosilicate (LY SO),
germanium oxyorthosilicate (GSO), yttrium aluminum per-
ovskit (YAP), lutetium aluminum garnet (LuAG), and lead
tungstate (PWO).

[0060] One kind or a plurality of kinds of the additive
materials 20B may be contained in the photoelectric con-
version layer 20. When the additive material 20B 1s formed
in particles, the particle may be made of one kind of material
or may be a complex particle made of a plurality of kinds of
materials.

[0061] The particle diameters of the additive material 208
contained in the photoelectric conversion layer 20 may
substantially be the same (a difference 1n particle diameters
1s 1 a range of £20%). The additive material 20B may be a
mixture of particles having different diameters and diflerent
kinds of matenals.

[0062] The additive material 20B 1s added to the photo-
electric conversion material 20A. In the embodiment, a
weight ratio (contained amount) of the additive material 20B
to the photoelectric conversion material 20A 1s adjusted.
Specifically, the adjustment 1s done such that the contained
amount of the additive material 20B 1n the photoelectric
conversion layer 20 diflers in the thickness direction Z.
More specifically, the adjustment i1s done such that the
contained amount of the additive material 20B in the pho-
toelectric conversion material 20A 1s increased from the one
end side ZA (the up side in the incident direction of the
radiation L) to the other end side ZB (the down side 1n the
incident direction of the radiation L) in the thickness direc-
tion Z. As a result of the adjustment, the density of the
photoelectric conversion layer 20 satisfies the condition
described above.

[0063] In the embodiment, the contained amount of the
additive material 20B 1n the photoelectric conversion mate-
rial 20A 1n the photoelectric conversion layer 20 differs in
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the thickness direction Z. The photoelectric conversion layer
20, thus, has a different density 1n the thickness direction Z.
The contained amount of the additive material 20B 1n the
photoelectric conversion material 20A 1s increased from the
one end side ZA to the other end side ZB 1n the thickness
direction Z. The density of the photoelectric conversion
layer 20 1s, thus, increased from the one end side ZA to the
other end side ZB 1n the thickness direction Z.

[0064] The photoelectric conversion layer 20 has a uni-
form composition in the thickness direction Z. In the
embodiment, the photoelectric conversion layer 20 has the
same composition 1n the thickness direction 7Z and only the
contained amount (weight ratio) of the additive material 208
differs 1n the thickness direction Z. This structure achieves
the photoelectric conversion layer 20 that has a density
increasing from the one end side ZA to the other end side ZB
in the thickness direction Z, and a uniform composition n
the thickness direction Z.

[0065] Known methods may be used for adjusting the
density of the photoelectric conversion layer 20 to have the
density structure described above. For example, the density
ol the photoelectric conversion layer 20 can be adjusted by
adjusting a viscosity of the photoelectric conversion material
20A, an amount of the additive material 20B added to the
photoelectric conversion material 20A, and a dispersion
degree of the additive material 20B 1n the photoelectric
conversion material 20A. The dispersion degree of the
additive material 20B 1n the photoelectric conversion mate-
rial 20A can be adjusted by adjusting a drying time in
manufacturing the photoelectric conversion layer 20, for
example. When the additive matenial 20B having conduc-
tivity or electrical static charges 1s used, the location or a
change in contained amount of the additive material 20B 1n
the photoelectric conversion layer 20 may be adjusted using
clectrophoresis.

[0066] The density 1s measured using an X-ray reflection
method.
[0067] The type of the radiation L photoelectrically con-

verted by the photoelectric conversion layer 20 1s not limited
to any specific type. The type of the radiation L photoelec-
trically converted by the photoelectric conversion layer 20 1s
at least one of beta rays, heavy particle beams, and gamma
rays, for example. In the embodiment, the photoelectric
conversion layer 20 particularly preferably photoelectrically
converts beta rays.

[0068] The type of the radiation L photoelectrically con-
verted by the photoelectric conversion layer 20 1s adjustable
by changing the constituent materials and the thickness of
the photoelectric conversion layer 20, for example.

[0069] For example, when the type of the radiation L
photoelectrically converted by the photoelectric conversion
layer 20 1s beta rays or heavy particle beams, P3HT 1is
preferably used for the photoelectric conversion material
20A contained 1n the photoelectric conversion layer 20 while
any of ZnO, ZnS, ZnSe, PbS, B1,0,, GAGG, LYSO, LuAG,
and GOS 1s preferably used for the additive material 20B.

[0070] When the type of the radiation L photoelectrically
converted by the photoelectric conversion layer 20 1s beta
rays or heavy particle beams, the thickness of the photo-
clectric conversion layer 20 1s preferably equal to or larger
than 1 um and equal to or smaller than 1 mm.

[0071] For example, when the type of the radiation L
photoelectrically converted by the photoelectric conversion
layer 20 1s gamma rays, P3HT 1s preferably used for the
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photoelectric conversion material 20A contained in the
photoelectric conversion layer 20 while any of ZnO, ZnS,

/nSe, PbS, B1,0;, GAGG, LuAG, and GOS 1s preferably
used for the additive material 20B.

[0072] Photodetection Element 10B

[0073] The structure of the photodetection element 10 1s
not limited to the photodetection element 10A illustrated in
FIG. 2. For example, the photoelectric conversion layer 20
may be a layered structure composed of a plurality of
photoelectric conversion films.

[0074] FIG. 3 1s a schematic diagram illustrating an
example of a photodetection element 10B. The photodetec-
tion element 10B 1s an example of the photodetection
clement 10.

[0075] The photodetection element 10B includes the elec-
trode 22A, the photoelectric conversion layer 20, and the
clectrode 22B. The photoelectric conversion layer 20
included in the photodetection element 10B 1s a layered
structure composed of a plurality of photoelectric conver-
sion films 21.

[0076] The same constituent materials as the photoelectric
conversion layer 20 are used for the photoelectric conver-
s1on {ilms 21. The multiple photoelectric conversion films 21
included 1n the photoelectric conversion layer 20 each have
the same composition. The multiple photoelectric conver-
sion {1lms 21 included in the photoelectric conversion layer
20 have different densities from one another. The density of
cach photoelectric conversion film 21 1s the weight per unit
volume of the photoelectric conversion film 21.

[0077] The multiple photoelectric conversion films 21
included 1n the photoelectric conversion layer 20 are
arranged such that the density 1s increased from the one end
side ZA to the other end side ZB 1n the thickness direction
7. of the photoelectric conversion layer 20. Specifically, the
photoelectric conversion film 21 having the lowest density
among the photoelectric conversion layers 20 included in the
photoelectric conversion layer 20 1s disposed at the end on
the most up side in the imncident direction of the radiation L
(the arrow Z1 direction). The photoelectric conversion film
21 having the highest density among the photoelectric
conversion layers 20 included in the photoelectric conver-
sion layer 20 1s disposed at the end on the most down side
in the incident direction of the radiation L (the arrow 71
direction). The photoelectric conversion layer 20 has a
density increasing in a step by step manner or continuously
from the photoelectric conversion film 21 disposed at the
end on the most up side to the photoelectric conversion film
21 disposed at the end on the most down side.

[0078] For example, a change 1n density 1n the thickness
direction Z 1s uniform 1in the photoelectric conversion film
21. The photoelectric conversion layer 20 1s structured by
layering the multiple photoelectric conversion films 21
having different densities from one another such that the
structure described above 1s achieved. In this case, the
photoelectric conversion layer 20 has a density increasing in
a step by step manner or continuously from the one end side
Z.A (the most up side 1n the incident direction of the radiation
L) in the thickness direction Z to the other end side ZB (the
most down side 1n the incident direction of the radiation L)
in the thickness direction Z by layering the photoelectric
conversion {ilms 21 having the same composition and dii-
terent densities from one another.

[0079] A ratio of the density of the photoelectric conver-
sion {ilm 21B, the density being the highest among those of
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the photoelectric conversion films 21, to the density of the
photoelectric conversion film 21A, the density being the
lowest among those of the photoelectric conversion films 21,
1s prelferably equal to or larger than 1.1 and equal to or
smaller than 5, more preferably equal to or larger than 1.1
and equal to or smaller than 3.5, and particularly preferably
equal to or larger than 1.5 and equal to or smaller than 2.5.
[0080] FIG. 3 illustrates an example where the photoelec-
tric conversion layer 20 1s a layered structure composed of
two photoelectric conversion films 21 (the photoelectric
conversion films 21A and 21B).

[0081] In the example, the density of the photoelectric
conversion film 21A 1s lower than that of the photoelectric
conversion film 21B. The thicknesses of the photoelectric
conversion films 21A and 21B may be the same or differ
from each other.

[0082] Photodetection Element 10C

[0083] FIG. 3 illustrates an example where the thicknesses
of the photoelectric conversion films 21A and 21B are the
same. Specifically, FIG. 3 illustrates an example where a
thickness da of the photoelectric conversion film 21A and a
thickness db of the photoelectric conversion film 21B are the
same.

[0084] The thicknesses of the photoelectric conversion
films 21A and 21B, however, may differ from each other.
FIG. 4 1s a schematic diagram illustrating an example of a
photodetection element 10C. The photodetection element
10C 1s an example of the photodetection element 10.
[0085] The photodetection element 10C illustrated 1n FIG.
4 1s a schematic diagram illustrating an example where the
thicknesses of at least a part of the multiple photoelectric
conversion films 21 included 1n the photoelectric conversion
layer 20 differ from each other. As illustrated in the photo-
detection element 10C, the thickness da of the photoelectric
conversion film 21 A and the thickness db of the photoelec-
tric conversion film 21B may differ from each other. In this
case, the density of the photoelectric conversion film 21A 1s
lower than that of the photoelectric conversion film 21B, and
the photoelectric conversion films 21A and 21B have the
same composition.

[0086] FIG. 4 1llustrates an example where the thickness
da of the photoelectric conversion film 21A 1s larger than the
thickness db of the photoelectric conversion film 21B. The
thickness da of the photoelectric conversion film 21A may
be smaller than the thickness db of the photoelectric con-
version {ilm 21B.

[0087] Photodetection Element 10D

[0088] The number of photoelectric conversion films 21
included in the photoelectric conversion layer 20 1s not
limited to two. For example, the photoelectric conversion
layer 20 may be a layered structure composed of three or
more photoelectric conversion films 21.

[0089] FIG. 5 1s a schematic diagram illustrating an
example of a photodetection element 10D. The photodetec-
tion element 10D 1s an example of the photodetection
clement 10. As illustrated 1n FIG. 35, the photoelectric
conversion layer 20 may be a layered structure composed of
three photoelectric conversion films 21 (the photoelectric
conversion f1lm 21A, a photoelectric conversion film 21A',
and the photoelectric conversion film 21B).

[0090] In thus case, the multiple photoelectric conversion
films 21 included 1n the photoelectric conversion layer 20
are also arranged such that the density 1s increased from the
one end side to the other end side 1n the thickness direction
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7. of the photoelectric conversion layer 20, in the same
manner as described above. Specifically, the photoelectric
conversion layer 20 1s structured as a layered structure in
which the photoelectric conversion film 21A, the photoelec-
tric conversion film 21A', and the photoelectric conversion
film 21B are layered in this order from the up side to the
down side in the incident direction of the radiation L (the
arrow /1 direction). The amount of the additive material
20B added to the photoelectric conversion material 20A 1s
adjusted such that the density 1s increased 1n a step by step
manner from the photoelectric conversion film 21A to the
photoelectric conversion film 21A', and to the photoelectric
conversion film 21B 1n this order.

[0091] Likewise, as described above, the photoelectric
conversion films 21A, 21A', and 21B have the same com-
position.

[0092] Photodetection Element 10E
[0093] FIGS. 2 to 5 each 1llustrate an example where the
photoelectric conversion layer 20 1s disposed between the
clectrodes 22A and 22B. Specifically, in each example, the
photoelectric conversion layer 20 1s disposed by being
sandwiched by the electrodes 22A and 22B from both sides
in the thickness direction Z.

[0094] At least one of the electrodes 22A and 22B may be
disposed on a side surface of the photoelectric conversion
layer 20. The side surface of the photoelectric conversion
layer 20 1s an edge of the photoelectric conversion layer 20
in the direction perpendicular to the thickness direction Z.
[0095] FIG. 6 1s a schematic diagram illustrating an
example of a photodetection element 10E. The photodetec-
tion element 10E i1s an example of the photodetection
clement 10.

[0096] As illustrated in FIG. 6, the photodetection element
10E may be structured in such a manner that the electrode
22 (the electrodes 22A and 22B) 1s disposed on both sides of
the photoelectric conversion layer 20 in the direction (the
arrow direction Y) perpendicular to the thickness direction
7. of the photoelectric conversion layer 20.

[0097] When the electrodes 22A and 22B are arranged
along the direction intersecting the thickness direction Z
with the photoelectric conversion layer 20 interposed ther-
cbetween, adjustment 1s more easily done so as to increase
the distance between the electrodes 22A and 22B than a case
where they are arranged along the thickness direction Z with
the photoelectric conversion layer 20 interposed therebe-
tween. The structure illustrated in FIG. 6, thus, can suppress
amplifier noise caused by electric capacitance between the
clectrodes 22A and 22B, for example.

[0098] The following describes the operation of the pho-
todetection element 10.

[0099] The operation i1s described with reference to the
photodetection element 10B illustrated in FIG. 3, as an
example. The radiation L 1s incident on the photodetection
clement 10B structured as described above. The photoelec-
tric conversion film 21A absorbs lower energy components
in the radiation L. The photoelectric conversion film 21A 1s
disposed on the up side in the incident direction of the
radiation L (the arrow Z1 direction) and has a density lower
than that of the photoelectric conversion film 21B.

[0100] The photoelectric conversion film 21B absorbs
higher energy components in the radiation L. The photo-
clectric conversion film 21B 1s disposed on the down side 1n
the incident direction of the radiation L (the arrow 71
direction) and has a density higher than that of the photo-

[
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clectric conversion film 21A. The radiation L. more easily
scatters backward 1n the photoelectric conversion film 21B,
which has a density higher than that of the photoelectric
conversion 11lm 21A, compared to the photoelectric conver-
sion {1lm 21A. The components of the radiation L scattered
backward 1n the photoelectric conversion film 21B are,
however, absorbed again by the photoelectric conversion
film 21A having a density lower than that of the photoelec-
tric conversion film 21B. As a result, the backscattering of
the radiation L can be reduced.

[0101] The photoelectric conversion layer 20 included 1n
the photodetection element 10 in the embodiment, thus, can
convert substantially all of the energy of the radiation L
incident on the photoelectric conversion layer 20 into
charges. As a result, the radiation detection element 10 1n the
embodiment can easily increase the detection accuracy of
the radiation L.

[0102] Beta rays have a characteristic that beta rays lose
less energy per unit length as the energy thereot 1s increased.
The amount of energy that beta rays lose per umt length 1s
proportionate to the density of a substance. The photoelec-
tric conversion film 21B having a high density, thus, allows
the photodetection element 10 to be capable of also detect-
ing energy of, particularly, high energy beta rays.

[0103] In the embodiment, the photoelectric conversion
layer 20 has a different density in the thickness direction Z,
but has a uniform (the same) composition 1n the thickness
direction Z. This structure causes an amount of carriers
generated per unit energy to be substantially the same 1n
cach of the regions (specifically, each of the photoelectric
conversion {ilms 21A and 21B) having different densities 1n
the photoelectric conversion layer 20.

[0104] As a result, a pair of electrodes 22 (the electrodes
22A and 22B) 1s arranged to the photoelectric conversion
layer 20. This makes it unnecessary to additionally provide
the electrode 22 for each of the regions having different
densities 1n the photoelectric conversion layer 20. The
photodetection element 10 1 the embodiment, thus, can
increase the detection accuracy of the radiation L with a
simple structure.

[0105] FIGS. 7A and 7B are schematic diagrams {for
explaining a result of detection rates by the photodetection
clement 10. The detection rates are obtained by Monte Carlo
simulation.

[0106] In the simulation, the photodetection element 10
having the structure of the photodetection element 10B
illustrated 1 FIG. 3 1s used (refer to FIG. 7A). As for the
photoelectric conversion film 21A, F812 1s used for the
photoelectric conversion material 20A while B1,0, 1s used
for the additive material 20B. The mixing weight ratio of the
photoelectric conversion material 20A to the additive mate-
rial 20B 1s 1:1. As a result, the density of the photoelectric
conversion film 21A is 2.3 g/cm”. As for the photoelectric
conversion film 21B, F8T2 1s used for the photoelectric
conversion material 20A and B1,0; 1s used for the additive
maternial 20B. The mixing weight ratio of the photoelectric
conversion material 20A to the additive material 20B 15 1:10.
As a result, the density of the photoelectric conversion film

21B is 5.8 g/cm’.

[0107] The thickness of each of the photoelectric conver-

sion {illms 21A and 21B 1s 350 um. The thickness of the
photoelectric conversion layer 20 1s, thus, 100 um, which 1s
the sum of their thicknesses.
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[0108] The photodetection element 10B 1s irradiated with
beta rays, which 1s one type of the radiation L, with 318 keV.
The 1rradiation direction 1s from the photoelectric conver-
sion {1lm 21 A side toward the photoelectric conversion film

21B side.

[0109] A comparative photodetection element (hereinafter
described as a comparative photodetection element C) 1s
prepared 1n which only the photoelectric conversion film
21A (1.e., the photoelectric conversion film 21 having a low
density) with a thickness of 100 um 1s used as the photo-
clectric conversion layer 20 included 1n the photodetection
clement 10B illustrated 1n FIG. 7A 1nstead of the photoelec-
tric conversion layer 20 that 1s a layered structure composed
of the photoelectric conversion films 21A and 21B. The
comparative photodetection element C 1s wrradiated with
beta rays 1n the same manner as described above.

[0110] A comparative photodetection element (hereinafter
described as a comparative photodetection element B) 1s
prepared 1 which only the photoelectric conversion film
21B (i.e., the photoelectric conversion film 21 having a high
density) with a thickness of 100 um 1s used as the photo-
clectric conversion layer 20 included 1n the photodetection
clement 10B 1llustrated 1n FIG. 7A 1nstead of the photoelec-
tric conversion layer 20 that 1s a layered structure composed
of the photoelectric conversion films 21A and 21B. The
comparative photodetection element B 1s wrradiated with
beta rays 1n the same manner as described above.

[0111] FIG. 7B illustrates each detection rate of energy
detected by each of the photodetection element 10, the
comparative photodetection element B, and the comparative
photodetection element B. The detection rate 1s a ratio of the
detected energy to the energy of the incident radiation L.

[0112] In FIG. 7B, the bar labeled 72A represents the

detection result by the photodetection element 10B. The bar
labeled 72C represents the detection result by the compara-
tive photodetection element C. The bar labeled 72B repre-
sents the detection result by the comparative photodetection
clement B.

[0113] As 1illustrated in FIG. 7B, the detection rate 1n a
case where the photoelectric conversion layer 20 1s a layered
structure composed of the photoelectric conversion film 21A
having a low density and the photoelectric conversion film
21B having a high density (refer to the bar labeled 72A) 1s
increased by 10% or more than a case where the photoelec-
tric conversion layer 20 1s structured by only the photoelec-
tric conversion film 21B having a high density (refer to the
bar labeled 72B) and a case where the photoelectric con-
version layer 20 1s structured by only the photoelectric

conversion film 21A having a low density (refer to the bar
labeled 72C).

[0114] In the comparative photodetection element C using
only the photoelectric conversion film 21A having a low
density as the photoelectric conversion layer 20, some of the
radiation L (in this case, beta rays) penetrate the photoelec-
tric conversion film 21A. It 1s, thus, concervable that the
detection rate 1s reduced. In the comparative photodetection
clement B using only the photoelectric conversion film 21B
having a high density as the photoelectric conversion layer
20, 1t 1s conceivable that the detection rate 1s reduced due to
influence of backscattering.

[0115] In contrast, when the photoelectric conversion
layer 20 1s structured as a layered structure composed of the
photoelectric conversion film 21 A having a low density and
the photoelectric conversion film 21B having a high density
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(refer to the bar labeled 72A), the radiation L after penetrat-
ing the photoelectric conversion film 21 A 1s absorbed by the
photoelectric conversion film 21B, and the components of
the radiation L scattered backward from the photoelectric
conversion film 21B are absorbed again by the photoelectric
conversion film 21A. It 1s, thus, conceivable that the detec-
tion rate by the photodetection element 10B 1s more
increased than those by the comparative photodetection
clements B and C.

[0116] FIG. 8 1s a schematic diagram 1llustrating a relation
between incident energy (a count number) of radiation and
detected energy for each of the photodetection element 10B,
the comparative photodetection element B, and the com-
parative photodetection element C. The relations are
obtained by Monte Carlo simulation.

[0117] In FIG. 8, a range 80A, in which the detected
energy 1s equal to or smaller than a threshold “E”, 1s a noise
level region. In FIG. 8, a range 80B, 1n which the detected
energy 1s equal to or larger than the threshold “E”, 1s a region
in which energy of the radiation L 1s detected as the detected
energy.

[0118] In FIG. 8, the thick solid line 70A represents the

detection result by the photodetection element 10B. The
dashed line 70C represents the detection result by the
comparative photodetection element C. The thin solid line
70B represents the detection result by the comparative
photodetection element B.

[0119] Asillustrated 1in FIG. 8, the value 1n the range 80A,
which 1s the noise level region, 1s smaller 1n a case where the
photoelectric conversion layer 20 1s a layered structure
composed of the photoelectric conversion film 21 A having
a low density and the photoelectric conversion film 21B
having a high density (refer to the thick solid line 70A) than
a case where the photoelectric conversion layer 20 1s struc-
tured by only the photoelectric conversion film 21B having
a high density (refer to the thin solid line 70B) and a case
where the photoelectric conversion layer 20 1s structured by
only the photoelectric conversion film 21A having a low
density (refer to the dashed line 70C). When the photoelec-
tric conversion layer 20 1s structured as a layered structure
composed of the photoelectric conversion film 21 A having
a low density and the photoelectric conversion film 21B
having a high density (refer to the thick solid line 70A),
energy (practically, signals) buried 1n noise 1s reduced. It 1s,
thus, conceivable that the detection rate 1s increased.

[0120] As described above, the photodetection element 10
in the embodiment includes the photoelectric conversion
layer 20. The photoelectric conversion layer 20 converts
energy of the radiation L into charges, and has a density
increasing from the one end side ZA to the other end side ZB

in the thickness direction Z and a uniform composition in the
thickness direction Z.

[0121] As a result, the photodetection element 10 1n the
embodiment can easily increase the detection accuracy of
the radiation L.

[0122] Photodetection Element 10F

[0123] The photoelectric conversion layer 20 included 1n
the photodetection element 10 may be provided in a plurality
of regions E.

[0124] FIG. 9 1s a schematic diagram illustrating an
example of a photodetection element 10F. The photodetec-
tion element 10F 1s an example of the photodetection
clement 10.
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[0125] The photodetection element 10F 1s a layered struc-
ture composed of the electrode 22B, the photoelectric con-
version layer 20, and the electrode 22A, which are layered
in this order, in the same manner as the photodetection
clement 10 each 1llustrated 1n FIGS. 2 to 5 (the photode-
tection elements 10A to 10D).

[0126] In the photodetection element 10F, the photoelec-
tric conversion layer 20 1s divided into the multiple regions
E along a photon receiving surface S.

[0127] The photon receiving surface S of the photodetec-
tion element 10F 1s a plane perpendicular to the thickness
direction Z of the photodetection element 10F. In other
words, the photon receiving surface S 1s an XY plane that 1s
perpendicular to the thickness direction Z of the photode-
tection element 10F, and formed in two directions (the X
direction and the Y direction) perpendicular to each other.

[0128] The region E may be a pixel region corresponding
to a single pixel. The region E may be a region correspond-
ing to a plurality of pixels.

[0129] The photoelectric conversion layer 20 and the
clectrode 22 are preferably arranged for each region E. The
photodetec‘[lon clement 10F, thus, preferably includes, for
cach region E, the layered structure composed of the elec-

trode 22B, the photoelectric conversion layer 20, and the
clectrode 22A.

[0130] In this structure, the electrode 22 disposed for each
region E can read the output signal from the corresponding
region E. This structure allows the photodetection element
10F also to be used as a photodetection element that detects
an 1ncident position of the radiation L. This structure more
reduces the electric capacitance between the regions E than
a case where the photodetection element 10 1s not composed
of a plurality of regions E, thereby making 1t possible to
reduce amplifier noise.

[0131] The photodetection element 10F, which includes
the photoelectric conversion layer 20 having the same

structure as described above, can also achieve the same
cllects as the photodetection elements 10A to 10E.

[0132] Photodetection Elements 10G and 10H

[0133] The structure of the photoelectric conversion layer
20 may be the same or differ from one another among the
regions E. Specifically, the photoelectric conversion layer 20
included 1n the photodetection element 10 may include the
regions E differing 1 at least one of the thickness, the
constituent materials, and the density along the photon
receiving surface S. The fact that the density differs along
the photon receiving surface S means that the constituent
ratio and the thickness ratio of the photoelectric conversion
film 21A having a low density to the photoelectric conver-
sion {ilm 21B having a high density, and the constituent
materials of the photoelectric conversion films 21A and 21B
in the thickness direction Z differ parallel to the photon
receiving surface S.

[0134] The fact that the photoelectric conversion layers 20
have the same structure means that the thickness, the con-
stituent materials, and the density are the same with each
other. The fact that the photoelectric conversion layers 20
have different structures means that at least one of the
thickness, the constituent materials, and the density differs
from each other.

[0135] The photoelectric conversion layer 20 disposed for
cach region E has a density increasing from the one end side
Z.A to the other end side ZB 1n the thickness direction Z and
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the same (a uniform) composition in the thickness direction
7., 1n the same manner as described above.

[0136] FIG. 10 illustrates a photodetection element 10G as
an example of the photodetection element 10 while FIG. 11
illustrates a photodetection element 10H as an example of
the photodetection element 10.

[0137] FIG. 10 1s a schematic diagram illustrating an
example of the photodetection element 10G. The photode-
tection element 10G 1ncludes the photoelectric conversion
layers 20 composed of two types of structures. The photo-
detection element 10G 1s an example where regions E
(regions E1 and regions E2) including the photoelectric
conversion layers 20 having respective types of structures
are arranged along the photon receiving surface S such that
the respective regions E1 and E2 are alternately arranged.

[0138] FIG. 11 1s a schematic diagram illustrating an
example of the photodetection element 10H. The photode-
tection element 10H 1s an example where a plurality of types
of regions E (regions E3 and regions E4) including the
photoelectric conversion layers 20 diflering in structure are
arranged along the photon recerving surface S such that the
respective regions E3 and E4 are alternately arranged. In the
example 1llustrated in FIG. 11, the photoelectric conversion
layer 20 included 1n the region E3 is structured as a layered
structure composed of the photoelectric conversion film 21 A
and the photoelectric conversion film 21B. The photoelectric
conversion layer 20 included 1n the region E4 1s structured
with the photoelectric conversion film 21A.

[0139] Inthis way, the photoelectric conversion layer 20 1s
provided 1n a plurality of regions E diflering in at least one
of the thickness, the constituent materials, and the density
along the photon receiving surface S of the radiation L. This
structure makes 1t possible to adjust, for each of regions E
having different structures, at least one of the type of
radiation L photoelectrically converted by the photoelectric
conversion layer 20, intensity of the radiation L, and a target
photoelectric conversion efliciency.

[0140] As a result, the photodetection element 10 can
detect various types of the radiation L with a wide range of
energy sensitivity as a whole.

[0141] As illustrated in FIGS. 9 to 11, the multiple regions
E are arranged 1n a two-dimensional grid along the photon
receiving surface S. This arrangement can reduce position
dependency that causes the detection accuracy 1n the pho-
todetection element 10 to vary at respective positions of the
regions E.

[0142] The photodetection elements 10F, 10G, and 10H
cach include the photoelectric conversion layer 20, thereby
making 1t possible to achieve the same eflects as the pho-

todetection elements 10A to 10E.

[0143] The photodetection elements 10 (the photodetec-
tion elements 10A to 10H) each preferably have flexibility
and bending property. The materials used for and the thick-
ness of each of the photodetection elements 10 are prefer-
ably adjusted so as to have flexibility and bending property
in addition to the achievement of the conditions described
above.

[0144] Signal Processor 12

[0145] Referring back to FIG. 1, the following describes
the signal processor 12.

[0146] As described above, the signal processor 12 1is
clectrically connected to the photodetection element 10, the
storage 14, the communication unit 16, and the display 18.
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[0147] The following describes an example where the
photodetection element 10 1s the photodetection element
10A (refer to FIG. 2). The signal processor 12 performs the
same processing when the photodetection element 10 1s any
of the photodetection elements 10B to 10E.

[0148] The signal processor 12 performs signal processing
on the output signal output from the photodetection element
10A. The signal processor 12 includes an acquirer 12A, an
specifier 12B, and an output controller 12C. The acquirer
12A, the specifier 12B, and the output controller 12C are
achieved by a single or a plurality of processors, for
example. The respective units may be achieved by a pro-
cessor such as a central processing unit (CPU) executing a
computer program, that 1s, achieved by software. The
respective units may be achieved by a processor such as a
dedicated integrated circuit (IC), that 1s, achieved by hard-
ware. The respective units may be achieved by combiming
soltware and hardware. When a plurality of processors are
used, each processor may achieve one of the units or two or
more units.

[0149] The acquirer 12A acquires the output signal from
the photodetection element 10.

[0150] The output signal 1s a signal representing charges
converted by the photoelectric conversion layer 20. In other
words, the output signal 1s average detected energy of the
radiation L, the energy being detected by the photoelectric
conversion layer 20. The signal processor 12 converts an
amount of charges detected by the photoelectric conversion
layer 20 into a measurable signal by a charge amplifier, and
turther performs analog to digital (A/D) conversion on the
signal to produce an output signal. In the embodiment, the
signal processor 12 receives the output signal from the
photoelectric conversion layer 20 for simplifying descrip-
tion.

[0151] The specifier 12B specifies the detected energy of
the radiation L using the output signal acquired by the
acquirer 12A and a conversion table 14A stored in the
storage 14.

[0152] The conversion table 14A associates the output
signal with the incident energy of the radiation L. For
example, the incident energy of the radiation L incident on
the photodetection element 10 and the output signal output
from the photodetection element 10 are preliminarily mea-
sured using the photodetection element 10 used for detection
(e.g., the photodetection element 10A). The signal processor
12 preliminarily stores the conversion table 14A indicating
a relation between the output signal and the imncident energy
of the radiation L in the storage 14.

[0153] The signal processor 12 may preliminarily prepare
the conversion table 14A by simulation. The signal proces-
sor 12 may preliminarily prepare the conversion table 14A
using Monte Carlo simulation, for example, when the pho-
todetector 1000 1s started or calibration 1s performed. The
conversion table 14 A may be prepared by an external device,
for example. The storage 14 may preliminarily store therein
the conversion table 14A.

[0154] Any of a table, a function, a diagram, and a
database can be used for the conversion table 14A as long as
any of them indicates a relation between the incident energy
of the radiation L incident on the photodetection element 10
and the output signal.

[0155] Referring back to FIG. 1, the description 1s con-
tinued. The signal processor 12 may preliminarily prepare
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the conversion table 14A for each type of the radiation L
serving as the detection target, and store the conversion
tables 14A 1n the storage 14.

[0156] For example, the signal processor 12 may prelimi-
narily prepare the conversion tables 14A each corresponding
to one of beta rays, gamma rays, and the heavy particles
beams, and store the conversion tables 14 A 1n the storage 14.
In this case, the photodetection element 10 1s 1rradiated
individually with each type of the radiation L and a relation
between the incident energy of the type of the radiation L
and the output signal 1s preliminarily measured when the
conversion tables 14A are prepared. In this way, the signal
processor 12 may preliminarily prepare the conversion table
14A for each type of the radiation L, and store the conver-
sion tables 14A 1n the storage 14.

[0157] The specifier 12B specifies the incident energy
corresponding to the output signal acquired by the acquirer
12A in the conversion table 14 A as the detected energy of the
radiation L, the energy being detected by the photodetection
clement 10.

[0158] Using the conversion table 14A corresponding to
the type of the radiation L serving as a specification (1den-
tification) target, the specifier 12B can specily the detected
energy of the radiation L serving as the specification target,
the energy being detected by the photodetection element
10A.

[0159] The specifier 12B may specity the detected energy
of any type of the radiation L. The specifier 12B preferably
specifies particularly the detected energy of beta rays. In this
case, the specifier 12B specifies the detected energy of beta
rays using the conversion table 14 A corresponding to beta
rays serving as one type of the radiation L.

[0160] The output controller 12C performs control such
that the mformation i1ndicating the result specified by the
specifier 12B 1s output to the communication unit 16 and the
display 18.

[0161] The following describes an example of a procedure
ol information processing performed by the signal processor
12. FIG. 12 1s a flowchart 1llustrating an exemplary proce-
dure of the information processing performed by the signal
processor 12. FIG. 12 illustrates an example where the
photodetection element 10A 15 used as the photodetection
clement 10.

[0162] First, it 1s determined whether the acquirer 12A has
acquired the output signal from the photoelectric conversion
layer 20 included 1n the photodetection element 10A (step
S200). If a negative determination 1s made at step S200 (No
at step S200), this routine ends. If an aflirmative determi-
nation 1s made at step S200 (Yes at step S200), the process-
ing proceeds to step S202.

[0163] The specifier 12B specifies the detected energy of
the radiation L using the output signal acquired at step S200
and the conversion table 14A (step S202).

[0164] The specifier 12B specifies the type of the radiation
L. serving as the detection target, for example. The type of
the radiation L serving as the detection target may be
received from the external device via the communication
unmt 16 or from an input unit that a user operates.

[0165] The specifier 12B reads the conversion table 14A
corresponding to the specified type of the radiation L from
the storage 14. The specifier 12B reads the conversion table
14A corresponding to beta rays from the storage 14, for
example. The specifier 12B reads the incident energy of the
radiation L corresponding to the output signal acquired at
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step S200 1n the read conversion table 14A. The specifier
12B specifies the read incident energy as the detected energy
of the radiation L (e.g., beta rays), the energy being detected
by the photodetection element 10A.

[0166] The output controller 12C performs control such
that the information indicating the result specified at step
5202 15 output to the communication unit 16 and the display
18 (step S204). By the processing at step S204, the infor-
mation indicating the specification result 1s transmitted to
the external device from the communication unit 16. By the
processing at step S204, the information indicating the
specification result 1s displayed on the display 18. Then, this
routine ends.

[0167] FEach of the photodetection elements 10F to 10H
illustrated 1 FIGS. 9 to 11 are used as the photodetection
clements 10 1n some cases. The photodetection elements 10F
to 10H each include the photoelectric conversion layer 20
provided 1 a plurality of regions E along the photon
receiving surface S. In such cases, the signal processor 12
included in the photodetector 1000 acquires the output
signal and specifies the detected energy for each of the same
type of regions E.

[0168] As aresult, the photodetector 1000 can identity the
detected energy corresponding to the respective types of the
radiation L corresponding to the respective types of regions
E.

[0169] As described above, the photodetection element 10
in the embodiment includes the photoelectric conversion
layer 20. The photoelectric conversion layer 20 converts
energy ol the radiation L into charges, and has a density
increasing from the one end side ZA to the other end side ZB
in the thickness direction Z and a uniform composition in the
thickness direction Z.

[0170] As a result, the photodetection element 10 1n the
embodiment can easily increase the detection accuracy of
the radiation L.

[0171] As described above, the type of the radiation L
serving as a target detected by the photodetector 1000 1s
preferably beta rays.

[0172] Beta rays have a particularly high probability of
occurrence of backscattering among the various types of the
radiation L. The photoelectric conversion layer 20 in the
embodiment can suppress the backscattering of beta rays
and increase the detection rate because of 1ts unique struc-
ture described above.

[0173] Hardware Structure

[0174] The following describes a hardware structure of the
photodetector 1000 1n the embodiment. FIG. 13 1s a block
diagram 1illustrating an example of the hardware structure of
the photodetector 1000 1n the embodiment.

[0175] The photodetector 1000 in the embodiment has a
hardware structure using a typical computer. The hardware
structure includes a central processing unit (CPU) 80, a read
only memory (ROM) 82, a random access memory (RAM)
84, a hard disk drive (HDD) 86, an interface (I/F) unit 88,
the photodetection element 10, and a bus 90 that connects
the respective units to one another.

[0176] The CPU 80 1s a computing unit that controls the
processing of the whole of the photodetector 1000. The
RAM 84 stores therein data necessary for various types of
processing performed by the CPU 80. The ROM 82 stores

therein a computer program that achieves the various types
of processing performed by the CPU 80. The HDD 86 stores

therein data stored in the storage 14. The I'F unit 88 1s
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coupled to an external device or an external terminal via a
communication line and serves as an interface to transmit
data to and receive data from the coupled external device or
external terminal.

[0177] A computer program to execute the processing
performed by the photodetector 1000 1n the embodiment 1s
embedded and provided in the ROM 82, for example.
[0178] The computer program executed by the photode-
tector 1000 1n the embodiment may be recorded and pro-
vided on a computer-readable recording medium such as a
compact disc read only memory (CD-ROM), a flexible disk
(FD), a compact disc recordable (CD-R), and a digital
versatile disc (DVD), as an installable or executable file.
[0179] The computer program executed by the photode-
tector 1000 1n the embodiment may be stored in a computer
connected to a network such as the Internet, and may be
provided by being downloaded via the network. The com-
puter program executed by the photodetector 1000 1n the
embodiment may be provided or delivered via a network
such as the Internet.

[0180] The computer program to achieve the various types
of processing performed by the photodetector 1000 1n the
embodiment 1s configured to produce the respective units 1n
a main storage device.

[0181] The various types of information stored in the
HDD 86, that 1s, various types of information stored in the
storage 14, may be stored 1n an external device (e.g., a
server). In this case, the external device and the CPU 80 may
be coupled via the I/F unit 88.

[0182] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied n a vaniety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the mventions.

What 1s claimed 1s:

1. A photodetection element comprising a photoelectric
conversion layer having a density increasing from one end
side to another end side 1 a thickness direction and a
uniform composition 1 the thickness direction to convert
energy of radiation into charges.

2. The element according to claim 1, wherein the photo-
clectric conversion layer has a density increasing in a step by
step manner or continuously from the one end side to the
other end side in the thickness direction.

3. The element according to claim 1, wherein a part
having a highest density in the photoelectric conversion
layer 1s on a down side 1n an incident direction of radiation.

4. The element according to claim 1, wherein

the photoelectric conversion layer 1s a layered structure

includes a plurality of photoelectric conversion films
having different densities, and

a ratio of the density of a photoelectric conversion film

having a highest density to the density of a photoelec-
tric conversion {ilm having a lowest density among the

photoelectric conversion films 1s equal to or larger than
1.1 and equal to or smaller than 5.

5. The element according to claim 1, wherein the photo-
clectric conversion layer contains a photoelectric conversion
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material and an additive material that supplies the energy of
radiation to the photoelectric conversion material.

6. The element according to claim 5, wherein the photo-
clectric conversion material 1s an organic material.

7. The element according to claim 5, wherein the additive
material 1s a scintillation material.

8. The element according to claim 5, wherein the photo-
clectric conversion layer contains the additive material hav-
ing a different contained amount in the thickness direction.

9. The element according to claim 1, wherein the radiation
1s beta rays.

10. The element according to claim 1, wherein the pho-
toelectric conversion layer has a plurality of regions differ-
ing in at least one of thickness, composition, and density
parallel to a surface receiving the radiation.

11. The element according to claim 1, further comprising
an electrode 1n contact with the photoelectric conversion
layer.

12. A photodetector comprising the photodetection ele-
ment according to claim 1.
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